Introduction
One of the most important and challenging aspects of pesticide research is the urgent need to develop new and effective methods of controlling plagues with no harm to human health and environment and which are accepted as safe by the general public 1 .
Natural products, with their tremendous structural diversity, are an important source of new alternatives. Many natural products showing fungicidal, bactericidal or insecticidal activities are isolated every year. If their properties allow, and if sufficient quantities can be obtained from natural sources or by synthesis, such compounds may be used as agricultural chemicals. Alternatively, they may constitute useful starting points as lead molecules for the synthesis of analogues with improved biological and physical properties 2 .
In recent times, investigations of several research groups have shown that one of the most important sources of bioactive compounds are fungi. The secondary metabolites of fungal origin exhibit a wide range of potentially useful biological activities 3,4 .
Penicillium is one of the genera, together with Aspergillium and Fusarium, producing metabolites known to be toxic to insects 5 . Particularly, the fungus Penicillium brevicompactum Dierckx has been described as one of the most prolific producers of secondary metabolites. These include mycophenolic acid and related compounds 6 , the Raistrick phenols 7-9 , the pebrolides 10 or the N-benzoyl derivatives of phenylalanine, phenylalaninol and their ester, asperphenamate 11 . In addition, the fungus also produces brevigellina 12 , several piperazine-2,5-dione derivatives, a drimane diterpenoid 13 , the brevianamides 14,15 and compactin 16 . The latter is a reported hypocholesterolaemic agent that was shown to be a reversible, competitive inhibitor of 3-hydroxy-3-methylglutaryl-3 coenzime A reductase (HMG-CoA reductase). Previous work on the effects of this product on insects has shown that it is able to produce a potent in vitro JH biosynthesis inhibition, with IC50 of the order of 10 -7 -10 -9 M in lepidoptera 17, 18 and dictioptera 19, 20 .
However, as a general rule, the morphological effects of compactin are scarce.
Recently we have reported the isolation and identification of brevioxime (1), a new metabolite from P. brevicompactum, which exhibits a very high activity as JH biosynthesis inhibitor 21 . Its chemical structure contains an unusual heterobicyclic skeleton and an oxime funtionality.
In this paper we report the isolation, identification and alternative synthesis of a new natural product (2) from P. brevicompactum, with a high in vivo anti-JH activity.
Although at first sight the structures of 1 and 2 are unrelated, chemical studies have
shown that 2 can be converted into the bicyclic isomer 3 upon acid catalysis. As the basic skeletons of 1 and 3 are the same, it appears that the new natural product 2 can be biogenetically related to brevioxime. 
Results and Discussion
A systematic screening was performed with 118 strains of Penicillium isolated from fungal contamination of cereals. The most promising results were obtained with a strain of P. brevicompactum. A summary of the procedure followed to isolate the active compound is illustrated in Scheme 1. The entomotoxicity and anti-HJ activity bioassay served as guide for silica-gel column separation, which led to a fraction (F8) with remarkable in vivo anti-JH activity.
Preparative HPLC of this fraction allowed isolation of the active pure compound Pb/8A.
Its structure was tentatively assigned, by means of combined spectral data, as N-(2-methyl-3-oxodecanoyl)-2-pyrroline (2).
In order to confirm the structure and to prepare higher amounts of compound for further biological assays, we designed an alternative synthesis based on the approach outlined in Scheme 2. If successful, slight modifications of this approach could allow to synthesize a number of related intermediates and/or derivatives with enhanced biological activities. The synthetic scheme involves the use of commercial starting materials such as pyrrolidine and octanoyl chloride. Thus, after using NaH to generate the carbanion, methylation was achieved by treatment with iodomethane. The desired alkylated -keto amide 5 was obtained in 79 % yield.
In order to achieve the pyrrolidine to pyrroline conversion of 5, a methoxy group was introduced at C2 by means of anodic oxidation, following the method previously described by Shono [30] [31] [32] [33] [34] [35] . A methanolic solution of -keto amide 5 was subjected to a constant electric current of 20 mA, in the presence of tetrabutylammonium ptoluenesulfonate as a supporting electrolyte, until 3.7 F/mol had passed through the solution. In this way, the methoxylated -keto amide (6) was obtained in 45 % yield, and 50 % of starting material was recovered. The two diasteromers of 6 (a and b) were resolved by column chromatography. Both of them were present in solution as a mixture of the two posible amide conformations, which gave separate signals in NMR.
Finally, elimination of methanol was carried out by adsorption of 6 on SiO2 and subsequent heating at 150-160 ºC 31, [36] [37] [38] [39] [40] . Under these conditions, a 1:1 mixture of the desired pyrroline 2, and the isomeric bicyclic product 3 was obtained.
Insecticidal, anti-JH and antimicrobial activities of the natural product 2, as well as the bicyclic isomer 3 and the synthetic intermediates 4-6, have been evaluated. clearly suggesting that introduction of a methyl group in the molecule enhances the entomotoxicity. Table 2 shows fungicidal activities of the compounds. In all cases, minimun inhibitory concentration (MIC) values were superior to 100 µg/mL, so none of the compounds were strongly effective in inhibiting the growth of the tested microorganisms. However, it could be of some interest the selective activity exhibited by compounds 2, 4 and 6 on Colletotrichum genus. Under certain conditions, a selective fungicide may be very useful for controlling a particular microorganism; thus, these compounds could be used as lead molecules for the synthesis of analogues with improved fungicidal activity against Colletotrichum, a very important phytopathogen.
Bactericidal activities have been determined against six selected Gram-positive and Gram-negative bacteria. Only compound 3 showed a moderate activity on Bacillus cereus, with an inhibition zone of 11 mm at the dose of 20 µg/mm 2 .
Conclusion
N-(2-methyl-3-oxodecanoyl)-2-pyrroline (2), a new natural product, has been isolated from Penicillium brevicompactum. Its structure has been tentatively assigned based on spectral data and unambiguously confirmed by alternative synthesis.
Compound 2 and its bicyclic isomer 3 arise from a common precursor (6) in the 8 synthetic sequence; this reveals that 2 can be biogenetically related to the recently discovered brevioxime (1) . The biological activities of 2 and 3 and their synthetic intermediates 4-6 suggest that these compounds can be useful as lead molecules for the development of new biorational pesticides.
Experimental Section
All chemicals were obtained from commercial suppliers and used without further purification. IR spectra were obtanined as liquid films (or KBr plate for the natural product); max is given for the main absorption bands. The strain was seeded in Petri dishes with PDA culture medium and incubated for 7 days at 28 °C. Then, sterile distilled water with Tween 80 (0.05 %) was used to obtain a suspension containing ca. 10 6 conidia/mL. This suspension was added to an erlenmeyer flask with antibiotic test broth (1:9 volume ratio) and the mixture was incubated for 15 days, in the dark, at 28 °C.
After incubation, the culture medium was extracted three times with CH2Cl2 
2-Methoxy-N-(2-methyl-3-oxodecanoyl)pyrrolidine (6). A solution of -keto
amide 5 (0.39 g, 1.6 mmol) in methanol (60.0 mL) containing tetrabutylammonium ptoluenesulfonate (1.84 g, 4.4 mmol) as a supporting electrolyte was placed into an electrolysis cell equipped with carbon electrodes (8.5 cm 2 ). A constant current (20 mA)
were passed through the solution. After 3.7 F/mol of electricity were passed, the solvent was evaporated under reduced pressure. Water was added to the residue and the product 12 was extracted with CH2Cl2. The combined organic layer was dried over anhydrous sodium sulfate. Thereafter, the drying agent was removed by filtration, the solvent was evaporated to dryness and the residue was filtered through silica gel using OEtAc as a eluent, in order to eliminate the supporting electrolyte. The solvent was evaporated under reduced pressure and the residue was purified by column chromatography on silica gel, using a hexane/EtOAc mixture ( , 2840, 1710, 1650, 1455, 1405, 1370, 1170, 1090, 1070 5 and 31.2, 30.4, 29.0 and 28.9, 23.3, 22.7 and 22.4, 20.9 (C3, C4, 13.9 and 13.8, 14.0 (2xCH3) atmosphere. After 2 h 45 min, water was added to the residue and the slurry was extracted with CH2Cl2. The combined organic layer was dried over anhydrous sodium sulfate. Then, the drying agent was removed by filtration, the solvent was evaporated to dryness and the residue was purified by column chromatography on silica gel (gradient elution with mixtures of EtOAc and hexane between 15 and 20 % of the former) to provide, in order of elution, the enamine 2 (3 mg, 29%), the starting -keto amide 6 (4 mg, 0.01 mmol) and the bicyclic enone 3 (4 mg, 37%).
The enamine 2 was a yellow oil which showed spectral data identical to those reported above for the natural product. were assayed at 10 µg/cm 2 and, in a parallel way, assays were performed by topical application on newly moulted 4rd-instar nymphs of O. fasciatus, at 10 µg/nymph.
Toxicity effects were considered according to the number of insects dead after 72 h of exposure to the chemicals. All assays were made three times. The surviving nymphs were transferred to a 500 cm 3 glass flask and held at standard conditions. After metamorphosis occurred and reproduction was successful with the production of viable offsprings, the tests were finished. The tests were considered positive for JH antagonistic activity, either when precocious metamorphosis occurred or when sterility of the resulting adults was detected. Controls were run in parallel and received the same amount of acetone as treated insects.
Antifungal activity. The extract or products, dissolved in acetone, were added to PDA, in a concentration of 500 and 100 µg/mL, respectively. PDA plates containing only acetone were used as control plates. Seven days-old cultures of each fungus on PDA plates were used as an inoculum onto the control and test plates. The radial mycelial growth was measured and the percentage of inhibition was calculated on the basis of growth in control plates, after 4 days of incubation, at 28 °C, except to R. necatrix and V. dahliae, which were measured after an incubation period of 6 days. The antifungal activity of each sample was determined three times.
Antibacterial activity. Disk method: 15 mL of Mueller-Hinton agar on Petri dishes were inoculated with 1 mL of a 24 h old bacterial cultures in Nutrient broth. The optical density of the resulting solution was 0.2 at 700 nm. Whatman nº 113 paper disks (5 mm in diameter) were saturated with 100 µg/mm 2 of the fungi extract. Also control disks were saturated with acetone. After 24 h of incubation, bactericidal activity was measured and expressed as the width of the clear inhibition zones, in mm, including the disk. All assays were made three times.
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